CLIPPED I MAGE = JP409291366A 


PAT-NO: JP40 92 913 66A 
DOCUMENT- IDENTIFIER: JP 09291366 A 

TITLE: PLASMA TREATMENT AND PLASMA TREATING DEVICE 

PUBN-DATE: November 11, 1997 

INVENTOR- INFORMATION : 
NAME 

TOMOYASU, MASAYUKI 
HIMORI, SHINJI 

AS S I GNE E - 1 NFORMAT I ON : 
NAME 

TOKYO ELECTRON LTD 

APPL-NO: JP08130767 

APPL-DATE: April 26, 1996 

INT-CL (IPC): C23C016/50;C23C014/34 ;C23C016/44 ;C23F004/00 
;H01L02l/205 

;H01L02l/3065 ;H01L02l/203 
ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain high evacuation efficiency 
and to secure the 

uniformity of plasma treatment in the plane by 
time-divisionally supplying a 

reactive gas in the plane of a body to be treated while 
dividing the area. 

SOLUTION: This device is constituted so that a plasma 
producing inert gas and a 

reactive gas are supplied to the treating space of a 
treating vessel 4 from the 

gas injection face 34 of a shower head 30 to treat a work W 
with the plasma. 

In this case, reactive gas injection holes 36A to 36D 
divided into plural 

groups to inject the reactive gas and inert gas injection 
holes 3 8 arranged 


COUNTRY 
N/A 


arranged almost over the entire gas injection face to 
supply the inert gas are 

formed on the gas injection face, reactive gas feed lines 
48A to 48D capable of 

independently controlling the stoppage of gas supply are 
connected to the 

respective reactive gas injection holes, and a gas supply 
control part 60 is 

connected to each group of the gas feed lines for 
controlling the supply and 

stoppage to time-divisionally scan each group. 


COPYRIGHT: (C) 1997, JPO 


Searching PAJ 2-^4 ) 'W Page 1 of 2 

PATENT ABSTRACTS OF JAPAN 

(11 publication number : 09-291366 
(43)Date of publication of application : 1 1 .1 1 .1997 

(51)lnt.CI. C23 c 16/50 

C23C 14/34 
C23C 16/44 
C23F 4/00 
H01L 21/205 
H01L 21/3065 
// H01L 21/203 

(21 Application number : 08-130767 (71 Applicant : TOKYO ELECTRON LTD 
(22)Date of filing: 26.04.1996 (72)lnventor : TOMOYASU MASAYUKI 

HIMORI SHINJI 


(54) PLASMA TREATMENT AND PLASMA TREATING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain high evacuation 
efficiency and to secure the uniformity of plasma 
treatment in the plane by time-divisionally supplying a 
reactive gas in the plane of a body to be treated while 
dividing the area. 

SOLUTION: This device is constituted so that a plasma 
producing inert gas and a reactive gas are supplied to 
the treating space of a treating vessel 4 from the gas 
injection face 34 of a shower head 30 to treat a work W 
with the plasma. In this case, reactive gas injection holes 
36A to 36D divided into plural groups to inject the 
reactive gas and inert gas injection holes 38 arranged 
arranged almost over the entire gas injection face to 
supply the inert gas are formed on the gas injection face, 
reactive gas feed lines 48A to 48D capable of independently controlling the stoppage of gas 
supply are connected to the respective reactive gas injection holes, and a gas supply control 
part 60 is connected to each group of the gas feed lines for controlling the supply and 
stoppage to time-divisionally scan each group. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] In the plasma treatment equipment which supplies the inert gas and the reactant gas for 
plasma generating to the processing space in a processing container from the blow-of-gas side of the 
shower head section, and performs plasma treatment to a processed object the reactant blow of gas 
divided into two or more groups in order to spout reactant gas in the blow-of-gas side of the 
aforementioned shower head section - with a hole The hole is formed, the inert gas jet arranged all over 
the abbreviation for the aforementioned blow-of-gas side in order to supply inert gas - The reactant gas 
supply system which the supply interruption of gas can control in independent is connected to each 
group of a hole, the aforementioned reactant blow of gas Plasma treatment equipment characterized 
by connecting to the reactant gas supply system for every aforementioned group the gas supply control 
section which controls supply and a halt to scan each aforementioned group by time sharing. 
[Claim 2] jet of the aforementioned reactant gas -- the plasma treatment equipment according to claim 1 
characterized by arranging the hole in the shape of a concentric circle for every group in the 
aforementioned blow-of-gas side 

[Claim 3] the aforementioned reactant blow of gas - the plasma treatment equipment according to claim 
1 characterized by arranging the hole in the shape of a straight line for every group in the 
aforementioned blow-of-gas side 

[Claim 4] the aforementioned inert gas jet - a hole -- the reactant blow of gas of the shape of an 
aforementioned concentric circle ~ the plasma treatment equipment according to claim 2 characterized 
by being arranged by between groups [ of a hole ] in the shape of a concentric circle 
[Claim 5] It is the plasma-treatment method about having supplied by supplying the aforementioned 
inert gas continuously from the whole abbreviation surface of the blow-of-gas side of the 
aforementioned shower head section in the plasma-treatment method of supplying the inert gas and the 
reactant gas for plasma generating to the processing space in a processing container from the blow-of- 
gas side of the shower head section, and performing plasma treatment to a processed object so that the 
whole surface of the aforementioned blow-of-gas side may scan, while the aforementioned reactant gas 
changes a jet position from the aforementioned blow-of-gas side in time sharing. 
[Claim 6] the scan of the whole surface of the aforementioned blow-of-gas side -- the shape of a 
concentric circle - the outside from the inside - or the plasma treatment method according to claim 5 
characterized by being carried out inside an outside 

[Claim 7] It is the plasma treatment method according to claim 5 characterized by performing the scan 
of the whole surface of the aforementioned blow-of-gas side at random in the shape of a concentric 
circle. 

[Claim 8] the blow of gas from which, as for the scan of the whole surface of the aforementioned blow- 
of-gas side, gas is blowing off ~ the plasma treatment method according to claim 5 characterized by 
being carried out as if the straight line by the array of a hole carried out the parallel displacement 
[Claim 9] the blow of gas from which, as for the scan of the whole surface of the aforementioned blow- 
of-gas side, gas is blowing off - the plasma treatment method according to claim 5 that the number of 
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holes is characterized by being the same number in every time 

[Claim 10] Plasma treatment equipment characterized by impressing a RF generator through an 
adjustment machine and a characteristic impedance connecting the aforementioned adjustment machine 
with the aforementioned RF generator with wiring of less than 50 ohms in the plasma treatment 
equipment which performs plasma treatment to a processed object. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the art and plasma treatment equipment by the 
plasma made to generate by the high frequency discharge, with respect to the plasma treatment method 
for mainly etching or deposition processing a semiconductor substrate or a LCD substrate by plasma, 
and its equipment, especially, homogeneity of this invention is good in the semiconductor substrate of 
the diameter of macrostomia, or the LCD substrate of a large area, and it performs high-speed 
processing. 
[0002] 

[Description of the Prior Art] Although various kinds of plasma treatment which was made to generate 
plasma in a processing container and made etching processing the start to the processed object, for 
example, a semiconductor wafer, in this plasma atmosphere in the manufacture process of a 
semiconductor device conventionally is performed Diameter [ of macrostomia ]-izing of a processed 
object, such as shifting to 8 inches or a 12 inch wafer from a 6 inch wafer, in order to reduce the 
processing cost per area of a processed object in recent years, and large area-ization are progressing. 
[0003] In order to meet this demand, the processing container set by the large-scale processed object is 
planned. As a generating method of plasma, an parallel monotonous method, an inductive-coupling 
method, etc. may be used. If an efficient consumer response method and the Helicon method are 
combined with a processed object and the source of plasma is enlarged, it will become easy to generate 
two or more modes, and they will stop being able to acquire uniform plasma easily. Moreover, there is a 
trouble that a magnet also becomes very large. If it is going to extend plasma by diffusion, without 
enlarging the source of plasma, an electron will be accelerated by part for a periphery according to 
magnetic field inclination, and the phenomenon in which the properties of plasma differ on the outskirts 
of a center will occur. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, if it is going to acquire properties, such as 
processing speed in the present diameter wafer of 200mm (8 inches), a selection ratio, and a processing 
configuration, and the same property when a processed object is enlarged for example, you have to make 
[ many ] the flow rate of process gas about by the ratio of the area of a processed object. If a vertical 
inter-electrode interval is made the same as the former, in connection with the area of a processed object 
becoming large, the aspect ratio of plasma space in every direction will become high, and the 
conductance of flueing will become small, the height, for example, the parallel monotonous method, of 
plasma space. Therefore, it becomes quite difficult to acquire the high vacuum suitable for plasma 
treatment, passing the process gas of the large flow rate made into a target in view of the capacity of the 
present vacuum length pump etc. For example, since area increases from a 8 inch wafer 2.24 times to 
shift to a 12 inch wafer, the amount of process gas will also be needed 2.24 times, and vacuum length 
will become difficult. Since a difference is moreover in the exhaust air nature of reactant gas on the 
outskirts of a center and the outskirts of a processed object, process performances, such as processing 
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speed, become less uniform between a center and the circumference. 

[0005] For prevent the fall of plasma density in this case and making the state of the maceration of gas 
etc. the same as the former although extending an electrode spacing and raising exhaust air conductance 
is also considered, it is necessary to make the same the residence time (residence time) of the gas in 
plasma space here, so that vacuum length can be performed easily, and in order to make a quantity of 
gas flow for that increase further, vacuum length will become difficult further, this invention is 
originated paying attention to the above troubles that this should be solved effectively. The purpose of 
this invention is by dividing area and supplying reactant gas in time sharing in the field of a processed 
object, to offer the plasma treatment method and plasma treatment equipment which can maintain high 
vacuum length efficiency and can secure the homogeneity within a field of plasma treatment. 
[0006] 

[Means for Solving the Problem] The result which this invention person studied wholeheartedly about 
the supply method of the reactant gas in plasma treatment equipment, About the inert gas for plasma 
generating, always supply towards the whole surface of a processed object, and maintenance of high 
plasma density is aimed at. Even if it lessens gas supply volume of the whole in unit time by supplying 
the partial area of a processed object in time sharing about reactant gas, it results in this invention by 
acquiring the knowledge that the high homogeneity within a field of plasma treatment is maintainable. 
[0007] In the plasma treatment equipment which supplies the inert gas and the reactant gas for plasma 
generating to the processing space in a processing container from the blow-of-gas side of the shower 
head section, and performs plasma treatment to a processed object in order to solve the above-mentioned 
trouble the reactant blow of gas divided into two or more groups in order to spout reactant gas in the 
blow-of-gas side of the aforementioned shower head section - with a hole The hole is formed, the inert 
gas jet arranged all over the abbreviation for the aforementioned blow-of-gas side in order to supply 
inert gas - the aforementioned reactant blow of gas ~ the reactant gas supply system which the supply 
interruption of gas can control in independent is connected to each group of a hole, and it constitutes so 
that the gas supply control section which controls supply and a halt to scan each aforementioned group 
by time sharing may be connected to the reactant gas supply system for every aforementioned group 
[0008] according to this ~ under processing - setting -- all inert gas jet of the shower head section - 
from a hole, inert gas always supplies continuously -- having - density with high plasma ~ and it is 
made as [ distribute / uniformly / over processing space ] on the other hand, the thing for which a gas 
supply control section controls a reactant gas supply system - reactant gas ~ the reactant blow of gas for 
every group - it will be supplied in [ hole ] time sharing Therefore, even if the area of a processed 
object becomes large, it is not necessary to increase the gas supply volume of the whole in unit time so 
much, and it becomes possible to secure the homogeneity within a field of plasma treatment moreover, 
maintaining the degree of high vacuum suitable for plasma treatment, the above-mentioned reactant 
blow of gas -- a hole is controlled in time sharing, continues all over a blow-of-gas side, and makes the 
supply interruption of gas to arrange in the shape of a concentric circle for every group, or to arrange in 
the shape of a straight line for every group, and scan Moreover, by connecting a RF generator and an 
adjustment machine with wiring of less than 50 ohms, also to the fall of the impedance accompanying 
diameter[ of macrostomia ]-izing of wafer size, impedance matching can be planned corresponding to 
this and suppression of a power loss is attained. 
[0009] 

[Embodiments of the Invention] Below, one example of the plasma treatment method concerning this 
invention and plasma treatment equipment is explained in full detail based on an accompanying 
drawing. The block diagram showing the plasma treatment equipment which drawing 1 requires for this 
invention, the plan in which drawin g 2 shows the blow-of-gas side of the shower head section, and 
drawing^ are the expanded sectional views showing the situation when cutting the head slot of the 
shower head section of plasma treatment equipment so that it may stand in a row. 
[0010] this example explains plasma treatment equipment taking the case of the case where it applies to 
a plasma etching system. This plasma etching system 2 has the processing container 4 processed in the 
shape of [ which a wall front face becomes from the aluminum by which alumite processing was carried 
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out ] a cylindrical shape, and this processing container 4 is grounded. 

[001 1] The susceptor 8 of the shape of an approximate circle pillar for laying the processed object W, 
for example, a semiconductor wafer, is formed in the pars basilaris ossis occipitalis of the processing 
room formed in this processing container 4 through the electric insulating plates 6, such as a ceramic. 
This susceptor 8 is constituted by the aluminum by which alumite processing was carried out, for 
example, and the diameter is set as about 250mm, when processing the wafer W of 8 inch size, and 
when processing the wafer W of 12 inch size, it is set as about 410mm. The refrigerant room 10 is 
established in the interior of the aforementioned susceptor 8, and the refrigerant for temperature 
controls, such as for example, liquid fluorocarbon, can introduce into this refrigerant room 10 through 
the refrigerant introduction pipe 12. It is possible to cool to the temperature which the introduced 
refrigerant circulates through the inside of this refrigerant room 10, and heat transfer of the cold energy 
of this refrigerant is carried out from the refrigerant room 10 to the aforementioned wafer W through the 
aforementioned susceptor 8, and asks for the processing side of this wafer W. The refrigerant which 
performed the heat exchange is discharged from the refrigerant exhaust pipe 14 processing outdoor. 
[0012] And the gas passageway 18 for supplying a heating medium, for example, helium gas etc., to the 
rear face of the wafer W which is a processed object is formed in the interior of the aforementioned 
electric insulating plate 6 and a susceptor 8 through the below-mentioned electrostatic chuck 16, and this 
wafer W is maintained by predetermined temperature. The aforementioned susceptor 8 is fabricated in 
the shape of [ convex in the upper surface center section ] a disk, and the electrostatic chuck 16 of Wafer 
W and ****** is formed on it. This electrostatic chuck 16 has the composition by which the conductive 
layer (not shown) was pinched with the macromolecule polyimide film of two sheets, and adsorption 
maintenance of the wafer W laid in the upper surface of this electrostatic chuck 16 is carried out by the 
Coulomb force by impressing 1.5kV direct current voltage, for example to this conductive layer in the 
position from the direct-current high voltage power supply 20 arranged to the exterior of the processing 
container 4. If the structure which pinched the conductive layer by the two-layer alumina ceramic is 
used instead of a macromolecule polyimide film here, the life by the poor proof pressure of the 
electrostatic chuck 16 can be prolonged. 

[0013] The annular focal ring 22 is arranged so that the aforementioned susceptor 8 may surround the 
wafer W laid on the electrostatic chuck 16 to the upper-limit periphery. Since this focal ring 22 consists 
of the quality of the material of the insulator which intercepts electric field and reactant ion is not 
accelerated on the focal ring 22, it is constituted so that incidence of the reactant ion generated by 
plasma may be effectively carried out to the wafer W of the inside. 

[0014] Moreover, the electric supply rod 24 which maintains an insulating state downward and is 
penetrated is connected to this susceptor 8, RF generator 28 which outputs a 13.56MHz RF through the 
adjustment machine 26 containing the decoupling capacitor is connected to this electric supply rod 24 by 
wiring 29, and the auto-bias for drawing ion in a wafer side is impressed to a susceptor 8. Here, although 
the impedance in the susceptor 8 to a RF is about several ohms, it is made to correspond to this and the 
characteristic impedance between RF generator 28 and the adjustment machine 26 is set as about 50 
ohms when Wafer W is 8 inch size, when wafer size is 12 inch size, the area of a susceptor 8 is large 
several times, and, as for this impedance, only the part decreases sharply from a bird clapper. Here, since 
the power loss by the resistance component of the reactor in the adjustment machine 26 etc. will become 
large if a characteristic impedance is set as 50 ohms like the wafer of 8 inch size, the characteristic 
impedance of RF generator 28 and the adjustment machine 26 was set to the low about value, for 
example, 20-30 ohms, rather than 50 ohms here, and the power loss in a reactor has been suppressed. 
[001 5] Support fixation of the shower head section 30 of the shape of a disk by which it is characterized 
[ of this invention ] in the up position of the processing container 4 which countered above the 
aforementioned susceptor 8 in parallel with this susceptor 8, and was made to estrange about 20-40mm 
more is carried out through the insulating material 32 at the ceiling section. This shower head section 30 
will be used also [ electrode / up ]. the blow-of-gas side 34 this shower head section 30 of whose is an 
opposite side with the aforementioned susceptor 8 -- many reactant blows of gas - a hole 36 and inert 
gas jet -- it is constituted by the conductive quality of the material 42 which has a hole 38, for example, 
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supports the electrode board 40 which consists of SiC or amorphous carbon, and this electrode board 40, 
for example, the head main part with which a front face consists of aluminum by which alumite 
processing was carried out 

[0016] it is shown in drawing 2 -- as this example - inert gas jet -- a hole 38 and a reactant blow of 
gas a hole 36 is formed in the shape of a concentric circle, respectively -- having —****-- radial [ of 
the disk-like shower head section 30 ] - inert gas jet a hole 38 and a reactant blow of gas -- the hole 
36 is arranged by turns in addition, d rawing 2 ~ setting -- inert gas jet - a hole 38 a black dot - being 
shown -- a reactant blow of gas with a circle [ white ] shows the hole 36 especially -- this example a 
reactant blow of gas -- a hole 36 is divided into the shape of a concentric circle in the shape of a 
concentric circle in two or more groups and the example of illustration at four groups -- having --****- 
- between [ this ] concentric circles the above-mentioned inert gas jet - the hole 38 is arranged in the 
shape of a concentric circle here - for convenience -- a reactant blow of gas ~ the group of a hole 36 is 
set to one group 36A, two groups 36B, three groups 36C, and four groups 36D from the inside 
[0017] the reactant blow of gas of each group - Holes 36A-36D are opened for free passage by the 
reactant gas head slots 44A-44D (refer to drawing 3 ) of each hollow formed by carrying out an 
independent partition in the head main part 42 at the shape of a concentric circle through the path 46, 
respectively The reactant gas supply systems 48A-48D are individually opened for free passage by each 
head slots 44A-44D, and it is placed between them by the time-sharing opening-and-closing valves 50A- 
50D and the mass-flow controllers 52A-52D which consist of a high-speed bulb, respectively at this gas 
supply system. And after these gas supply systems 48A-48D are connected with one, they are connected 
to the source 58 of a raw gas which stores reactant gas, for example, C4F8 gas, through the duct 56 
which usually interposed the opening-and-closing valve 54. The above-mentioned mass-flow controllers 
52A-52D and the time-sharing-control valves 50A-50D are controlled by the gas supply control section 
60 which consists of a microcomputer etc. to mention later, for example, the opening and closing, i.e., 
supply interruption, achieve individual independence especially of the time-sharing opening-and-closing 
valves 50A-50D in time sharing, and they are controlled. 

[0018] moreover, each inert gas jet arranged in the shape of a concentric circle - the hole 38 is opened 
for free passage through the path 64 by the inert gas head slot 62 similarly formed in the shape of a 
concentric circle in the head main part 42 four, respectively The four above-mentioned inert gas head 
slots 62 are connected to one inert gas supply system 66 in common. This gas supply system 66 
branches to two through the opening-and-closing valve 68 and the mass-flow controller 70 on the way. 
The source 76 of Ar gas which usually stores through the opening-and-closing valve 74, the inert gas, 
for example, Ar gas, for plasma generating, is connected to one branch-pipe 72A. to branch-pipe 72B of 
another side Usually, the source 80 of N2 gas which stores the inert gas for a purge, for example, N2 
gas, through the opening-and-closing valve 78 is connected. The above-mentioned opening-and-closing 
valve 68 and the mass-flow controller 70 are also controlled by the gas supply control section 60. 
[0019] In addition, although the inert gas head slot 62 was formed in the shape of [ four ] a concentric 
circle, what is necessary is to continue all over the abbreviation for a blow-of-gas side, and just to be 
able to spout inert gas therefore, and you may make it form as an inert gas head slot 62 of the one shape 
of a thin hollow disk, as these slots are summarized to one and it is shown in drawin g 4 , or may carry 
out establishing this slot in a radial from the center of the head section etc. here. 
[0020] Moreover, it is possible to cool to the temperature which the refrigerant which the refrigerant 
room 82 is established in the interior of the head main part 42, could introduce into this refrigerant room 
82 through the refrigerant introduction pipe which the refrigerant for temperature controls, such as for 
example, liquid fluorocarbon, does not illustrate, and was introduced circulates through the inside of this 
refrigerant room 82, and heat transfer is carried out from the refrigerant room 82 to the aforementioned 
electrode board 40 in this cold energy, and asks for this electrode board 40. The refrigerant which 
performed the heat exchange is discharged from the refrigerant exhaust pipe which is not illustrated 
processing outdoor. The temperature which adjusts the electrode board 40 is an elevated temperature in 
consideration of generating of particle without radical deposition on the front face of the electrode board 
40, and in order to turn a radical flow to the aforementioned wafer W, it is set as an elevated temperature 
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rather than the front face of Wafer W. Such the head section 30 of structure can form this in plurality 
easily by carrying out division blocking. 

[0021] Moreover, the electric supply rod 84 is connected to this head main part 42, and RF generator 88 
for plasma generating which outputs a 13.56MHz RF through the adjustment machine 86 containing the 
decoupling capacitor is connected to this electric supply rod 84 by wiring 90. Also in this case, like the 
case of RF generator 28 connected to said susceptor 8, although the characteristic impedance between 
RF generator 88 and the adjustment machine 86 is set up by about 50 ohms in the case of a 8 inch size 
wafer From in the case of 12 inch size, area being large and the impedance by the side of an up electrode 
(head section) load decreasing by the bird clapper It is made to correspond to this, the above-mentioned 
characteristic impedance is also low set as about 20-30 ohms, and it is made for the conversion ratio of 
an impedance not to change. Thus, when the impedance by the side of the RF acceptance 8, for example, 
a susceptor, falls with diameter[ of macrostomia ]-izing of wafer size, the impedance of wiring 90 is 
made into less than 50 ohms, for example, 20-30 ohms, in connection with this, impedance matching is 
planned a susceptor side, and it enables this to suppress a power loss. 

[0022] The exhaust pipe 92 is connected to the side attachment wall of the aforementioned processing 
container 4, and this exhaust pipe 92 leads to vacuum handle stages, such as a turbo molecular pump 
which is not illustrated, and it is constituted so that vacuum length can be carried out to a predetermined 
reduced pressure atmosphere. Moreover, the load lock chamber 96 is established in the side attachment 
wall of the processing container 4 through the gate valve 94 made airtightly possible by opening and 
closing, and the wafer W which is a processed object is constituted by conveyance meanses, such as a 
conveyance arm which was prepared in this load lock chamber 96 and which is not illustrated, so that it 
may be conveyed between the aforementioned processing container 4 and this load lock chamber 96. 
[0023] Next, operation of this example constituted as mentioned above is explained. Here, if the case 
where the silicon oxide on the wafer which has a silicon substrate is etched using this plasma etching 
processor 2 is explained, after a gate valve 94 is opened wide, by the conveyance means, the wafer W 
which is a processed object first will be carried in into the processing container 4 from a load lock 
chamber 96, and will be laid on the electrostatic chuck 16. And adsorption maintenance of the 
aforementioned wafer W is carried out by impression of the direct-current high voltage power supply 20 
on this electrostatic chuck 16. Then, after a conveyance means retreats into a load lock chamber, 
vacuum length of the inside of the processing container 4 is carried out by the exhaust air means. On the 
other hand, C4F8 gas is supplied from the source 58 of a raw gas, the flow rate being adjusted [ the 
time-sharing opening-and-closing valves 50A-50D are opened and closed in time sharing, and ] by the 
mass-flow controllers 52A-52D while the opening-and-closing valve 54 is usually opened wide. 
Moreover, the opening-and-closing valves 68 and 74 are opened wide, and Ar gas is supplied from the 
source 76 of Ar gas, the flow rate being adjusted by the mass-flow controller 70. 
[0024] the inert gas jet which Ar gas for plasma generating resulted in the shower head section 30 
through the inert gas supply system 66, and flowed into each inert gas head concentric circle-like slot 62 
further, and continued all over the blow-of-gas side 34 through the path 64, and was prepared - it is 
continuously introduced in the processing space formed between the head section 30 and a susceptor 8 
from a hole 38 on the other hand, the reactant gas head slots 44A-44D where C4F8 gas which is reactant 
gas for etching corresponds through each reactant gas supply system 48A-48D - flowing in - and the 
path 46 - passing ~ the reactant blow of gas for every group -- it is introduced in time sharing in 
processing space from Holes 36A-36D And maintaining the pressure in processing space in 
predetermined pressure of about lPa, the RF power for plasma generating is impressed to the shower 
head section 30 from RF generator 88, and another side and the RF power for auto-biases are impressed 
to a susceptor from RF generator 28. Plasma will be located on processing space by this, reactant gas 
will be activated, and plasma etching processing will be performed to Si02 on the front face of a wafer. 
A susceptor 8 and the shower head section 30 are cooled by predetermined temperature with the 
refrigerant which flows each. 

[0025] Ar gas here for plasma generating - under processing - setting - all always and inert-gas jet - 
to being made as [ stand / stably / plasma / it is introduced between processing rooms from a hole 38, 
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continue throughout processing space, and ], the time-sharing opening-and-closing valves 48A-48D 
prepared for every group carry out an opening-and-closing drive in time sharing by control from the gas 
supply control section 60, and reactant gas is supplied to processing space by an electrical signal or 
pneumatic pressure therefore, the case where the wafer of 8 inch size is processed when processing the 
wafer of for example, 12 inch size for the residence time (residence time) of the gas per unit area in 
processing space, since there is little capacity of the whole supplied at unit time and it ends and 
abbreviation - it can be made the same time As a result, the homogeneity within a field of plasma 
treatment is not only highly maintainable, but processing speed does not fall. 
[0026] The supply pattern of reactant gas is explained concretely here. Drawing 5 is drawing showing 
the 1st pattern of supply of reactant gas, drawin g 5 (A) shows the timing chart of the opening-and- 
closing valve of Ar gas of the 1st pattern, and a time-sharing opening-and-closing valve, and drawing 5 
(B) shows the jet sequence of the reactant gas at that time. As shown in drawing 5 (A), when processing 
begins, the opening-and-closing valve 68 of Ar gas will be in an open state continuously, and supplies 
Ar gas continuously from the whole blow-of-gas side surface. On the other hand, switching operation is 
repeated by time sharing so that the time-sharing opening-and-closing valves 50A-50D may be opened 
the time T predetermined in the pitch for 3 seconds, for example, 1 second, therefore, reactant gas is 
shown in drawin g 5 (B) ~ as - the reactant blow of gas of one group ~ a hole -- the reactant blow of gas 
of 36A->2 group - a hole - the reactant blow of gas of 36B->3 group - a hole ~ the reactant blow of 
gas of 36C->4 group - a hole - it will be repeatedly scanned toward the method of the outside of radial 
so that it may become the order of 36D, and it will be supplied by time sharing In addition, since the 
number in drawing 5 (B) shows the supply sequence of reactant gas and inert gas is always supplied 
from the whole surface, it has not indicated here. Also in drawing explained henceforth, it is the same. 
Moreover, the ****** interval and flow rate by which a time-sharing opening-and-closing valve is 
opened for every group are set up so that it may optimize about the homogeneity of an etch rate, a 
selection ratio, a configuration, and processing etc. 

[0027] The 2nd supply pattern shown in drawin g 6 shows operation contrary to the case where it 
explains to drawing 5 , and is controlling it to move supply one by one towards the inside [ outside / 
radial ]. the 3rd supply pattern shown in drawing 7 jumps over a concentric circle-like group alternately 
-- as -- random -- supplying --**** - for example, the reactant blow of gas of one group -- a hole -- the 
reactant blow of gas of A->363 group ~ a hole - the reactant blow of gas of C->362 group -- a hole - 
the reactant blow of gas of B->364 group ~ in sequence, such as hole 36D, it scans repeatedly and 
supplies The 4th supply pattern shown in drawing 8 is performed so that the sequence of going to the 
method of the outside of the direction of a center of the head section 30, and the sequence of going to the 
method of the inside of the direction of a center may be scanned simultaneously, concrete the reactant 
blow of gas of one group and four groups ~ the reactant blow of gas of hole 36A, D->362 group, and 
three groups - the reactant blow of gas of hole 36B, C->363 group, and two groups the reactant blow 
of gas of hole 36C, B->364 group, and one group ~ it scans repeatedly in order of Holes 36D and 36A, 
and supplies in this case, the reactant blow of gas of two groups of always ~ gas will be supplied from a 
hole in addition -- the above-mentioned example - a reactant blow of gas - although the hole was 
explained taking the case of the case where it divides into four groups, it does not pass over this for an 
example to only have been shown, but it is divided into the group of numbers other than four, and you 
may make it control supply interruption by time sharing 

[0028] moreover - the above-mentioned example - each blow of gas - it is not limited to this, but as 
long as it is the structure which can supply reactant gas in time sharing, what array may be used, for 
example, you may make it arrange in the shape of a straight line, although the hole was explained taking 
the case of the case where it arranges in the shape of a concentric circle drawin g 9 ~ a blow of gas - the 
plan of the blow-of-gas side of the shower head section at the time of arranging a hole in the shape of a 
straight line -- being shown - **** - here - inert gas jet - a hole 38 ~ a black dot -- being shown - a 
reactant blow of gas - with a circle [ white ] shows the hole 36 each blow of gas - holes 36 and 38 are 
arranged in the shape of a straight line in the vertical-among drawing direction ~ having -- ****-- a 
longitudinal direction - a reactant blow of gas - a hole 36 and inert gas jet ~ it is arranged so that a hole 
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38 may be located by turns here -- each reactant blow of gas -- the hole 36 is divided into eight groups of 
36A-36H for every group arranged along the vertical-among drawing direction, and is opened for free 
passage by the reactant gas supply systems 48A-48H which interposed independently controllable time- 
sharing opening-and-closing valves 50A-50H and mass-flow controllers 52A-52H, respectively 
Therefore, reactant gas can be supplied by time sharing for every group by carrying out time-sharing 
opening-and-closing control of the time-sharing opening-and-closing valves 50A-50H in arbitrary 
sequence. In addition, of course, the inert gas for plasma generating is always emitted to homogeneity 
from the whole surface of a blow-of-gas side also in this case. 

[0029] Drawin g 10 shows an example of the supply pattern performed using the shower head section 
shown in drawin g 9 . the reactant blow of gas from which gas is blowing off when shown in drawing 10 
(A) - the case where the straight line 98 by the array of a hole 36 scans so that the parallel displacement 
may be horizontally carried out towards the direction of a center of the head section is shown, and the 
case where drawing 10 (B) scans so that the parallel displacement of the above-mentioned straight line 
98 may be horizontally carried out towards both directions on either side from the center side of the head 
section is shown Furthermore, as it is not limited to a supply pattern which was described above, for 
example, is shown in drawin g 1 1 , a straight line 98 sets up so that it may pass along the center of the 
head section 30. As you may scan so that this may be rotated, the blow-of-gas side 34 may be divided 
into two or more groups containing many exhaust nozzles, for example, four groups, as shown in 
drawin gJl , and shown in drawin g 13 The blow-of-gas side 34 is classified in the shape of [ much ] a 
grid, and you may make it divide the grid of these large number into two or more groups alternately. 
And you may make it control the supply interruption of reactant gas for every group. In addition, in 
drawing 12 and drawing 13 , signs 1-4 show the sequence of making reactant gas blowing off. the jet 
which gas spouts in a certain time in drawing 1 1 , drawin g 12 , and drawing 13 - the number of holes is 
made equal 

[0030] In addition, although C4F8 were used as etching gas in the above-mentioned example CHF, not 
only this but other CF system gas 4, for example, CH,3, CH two F2, CH3 F, C2 F6, C2 H2 F2, C3 F8, 
and C4 F8 It can also be used. Moreover, it is possible as gas for plasma generating to use helium, Xe, 
and Kr gas other than Ar gas. 

[0031] Moreover, in this example, although explained taking the case of parallel monotonous type 
plasma treatment equipment, it is not limited to the thing of this form, but can apply also to equipments, 
such as an ICP (Inductively Coupled Plasma) method, a RIE (Reactive Ion Etching) method, and an 
efficient consumer response (Electron Cyclotron Resonance) method. Moreover, it is not limited to an 
etching system but the plasma treatment equipment constituted based on this invention can be applied to 
a CVD system, an ashing device, a sputtering system, etc. Moreover, a processed object is applicable not 
only to a semiconductor wafer but the processing which makes for example, a LCD substrate a 
processing object. 
[0032] 

[Effect of the Invention] As explained above, according to the plasma treatment method of this 
invention, and plasma treatment equipment, the operation effect which was excellent as follows can be 
demonstrated. Since the inert gas for plasma generating is always supplied during plasma treatment, the 
density of plasma is made to equalize so that it may not be unevenly distributed, reactant gas gas is 
supplied by time sharing simultaneously with this and the whole blow-of-gas side surface was scanned 
by the predetermined pattern, gas supply volume of the whole in per unit time can be lessened. 
Therefore, maintaining sufficient degree of high vacuum for plasma treatment, even if the area of a 
processed object becomes large, the residence time (residence time) of the gas per unit area in 
processing space can fully be secured, and the homogeneity within a field of plasma treatment and 
processing speed can be maintained highly. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[DrawingJ] It is the block diagram showing the plasma treatment equipment concerning this invention. 

[Drawing 2} It is the plan showing the blow-of-gas side of the shower head section. 

[Drawing!] It is the expanded sectional view showing the situation when cutting the head slot of the 

shower head section of plasma treatment equipment so that it may stand in a row. 

[Drawing 4] It is the cross section showing the modification of the shower head section. 

[Drawing 5] It is drawing showing the 1st supply pattern of supply of reactant gas. 

[Drawing 6] It is drawing showing the 2nd supply pattern of supply of reactant gas. 

[Drawing 7] It is drawing showing the 3rd supply pattern of supply of reactant gas. 

[Drawing 8] It is drawing showing the 4th supply pattern of supply of reactant gas. 

[Drawin g_9] It is the plan showing other modifications of the shower head section. 

[DrawingjO] It is drawing showing the supply pattern of the reactant gas by the shower head section 

shown in drawing 9 . 

[ Drawin gJJJ It is drawing showing other supply patterns of reactant gas. 
[Drawing 12] It is drawing showing the supply pattern of further others of reactant gas. 
[Drawin g 13] It is drawing showing reactant gas and also other supply patterns. 
[Description of Notations] 

2 Plasma Etching System (Plasma Treatment Equipment) 
4 Processing Container 
8 Susceptor 

30 Shower Head Section 

34 Blow-of-Gas Side 

36, 36A-36H Reactant blow-of-gas Ko 

38 Inactive Blow-of-Gas Ko 

40 Electrode Board 

42 Head Main Part 

44A-44D Reactant gas head slot 

48A-48H Reactant gas supply system 

50A-50H Time-sharing opening-and-closing valve 

58 Source of Raw Gas 

60 Gas Supply Control Section 

62 Inert Gas Head Slot 

66 Inert Gas Supply System 

W Semiconductor wafer (processed object) 
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DRAWINGS 


[Drawing 1] 
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[Drawing 2] 
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